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Abstract
Aim: In this study, we aimed to compare data from an infrascanner device that can be used at the bedside with infrared technology with data from intracranial 
computed tomography and to investigate the utility of the new device in patients presenting to the emergency department with head trauma or neurologic 
symptoms suggesting ICH. 
Material and Methods: The measurement was made beginning from the left frontal region of the head and continuing in the right frontal, left temporal, right 
temporal, left parietal, right parietal, left occipital and right occipital regions. Patient demographics such as age and gender, GCS, time between the incident 
and evaluation with CT and infrascanner in the emergency department, diagnosis reported by CT and Infrascanner and outcomes were recorded. 
Results: A total of 173 patients were included in this study, 73 of them with ICH and 100 were control subjects. The mean GCS score was  11.44±4.03 in the 
ICH and 14.16±1.07 in the control group with a significant difference between both groups (p<0.01).
When CT scan findings were taken as reference values, the Infrascanner Model 1000 device had a sensitivity of 84.9%, specificity of 30%, positive predictive 
value of 46.9% and negative predictive value of 73.1% in detecting ICH. 
Discussion: The results of this study indicate that the infrascanner model 1000 device significantly records specificity and sensitivity values when used 
immediately after an incident. 
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Introduction
Intracranial hemorrhage (ICH) is the most common subtype of 
stroke (15-20% of all strokes) and a critical disease, usually 
leading to morbidity and mortality [1, 2]. ICH is the result of 
extravasation of blood from an artery, capillary or vein. The 
incidence of ICH is approximately 25 per 100,000 person-years, 
and ICH mortality is about 40% within 30 days, making this 
disease one of the most critical acute emergencies [3-5]. 
Establishing the true diagnosis of ICH in the emergency 
department is of paramount importance in terms of time 
management, prevention of complications and survival. Early 
diagnosis and intervention of ICH is essential for successful 
treatment in patients presenting with head trauma or neurologic 
symptoms. 
Neuroimaging is essential for the treating clinician to 
understand the location and volume of hemorrhage, the risk 
of cerebral injury and to guide emergency treatment.  The 
diagnosis of ICH is usually made on a non-contrasted computer 
tomography (CT) scan since it is easy to identify blood, which is 
hyperintense on CT. MRI is also a good option to diagnose ICH 
and may also be used in the acute phase or later [6, 7] because 
acute presentation of ICH can be difficult to distinguish from 
ischemic stroke [8, 9]. 
However, failure to detect and treat ICH within the first several 
hours significantly increases the possibility of severe neurologic 
deficits and even death [10]. Therefore, the time to diagnosis 
and emergency intervention is critical in ICH, necessitating 
the development of other imaging/scanning instruments 
that provide faster results. To address this need, a near-
infrared (NIR) system for detection of cerebral hemorrhage 
was developed and successfully tested at Baylor College by 
Britton Change and Claudia Robertson [10]. This system, called 
infrascanner model 1000, was approved by the American Food 
and Drug Administration (FDA) as an instrument to detect ICH 
and has been introduced worldwide. Under normal conditions, 
the brain’s absorption can be considered symmetrical. However, 
when additional underlying extravascular bleed is present, there 
is a greater local concentration of hemoglobin, which results 
in significantly greater light absorbance and less reflected 
component. This difference is detectable by the detectors 
placed on symmetrical sides of the skull. So far, the infrascanner 
system has been studied in several countries, including the USA, 
Canada, Spain, Italy, the Netherlands, Germany, Afghanistan, 
Russia, Poland, India, China, and Turkey with varying results 
[10-13].
The objective of this study was to compare data from the 
infrascanner device that can be used at the bedside with 
infrared technology with data from intracranial computed 
tomography and to investigate the utility of this new system 
in patients presenting to the emergency department with head 
trauma or neurologic symptoms suggesting ICH. 

Material and Methods
Before the beginning, the study protocol was approved by the 
ethics committee of our hospital. All patients were informed 
about the objectives of the study and gave written informed 
consent. The study was conducted in line with the relevant 
ethical items of the Declaration of Helsinki.

A total of 77 patients who presented to the emergency 
department of our hospital with head trauma and/or neurologic 
symptoms suggesting ICH and hematoma detected on CT, and 
100 patients who presented with similar complaints, but had 
no ICH detected on CT as the control group were included in 
our study. All patients were examined by emergency medicine 
residents specially trained in the use of the infrascanner device 
for IVH following CT scans.
All patients were evaluated according to GCS scores determined 
at the initial neurologic examinations. Based on the medical 
history and physical exam, including trauma, syncope, headache, 
and mental fog, patients underwent CT scans and infrascanner 
examination immediately after CT scans with their informed 
consent or the consent of their relatives. 
In the present study, the Infrascanner model 1000 device and 
HP mobile information platform were used. The infrascanner 
model 100 device is equipped with a portable head that has two 
optic detectors and a diode laser. Measurement data captured 
from the sensors are transferred to the mobile info platform as 
wireless and processed at the platform. The measurement was 
made beginning from the left frontal region of the head and 
continuing as the right frontal, left temporal, right temporal, 
left parietal, right parietal, left occipital and right occipital 
regions (Figure 1).
The frontal region was measured at the level of pupil over the 
frontal sinus, the temporal region from the anterior ear over the 
temporal fossa, parietal region from the midpoint of the skull 
midline and ear level, and the occipital region from the occipital 
protuberance and mid ear.  Portable head of the sensor was 
cleaned with alcohol after each measurement and the head was 
changed after each 50 measurements (Figure 2).
Children younger than 4 years, patients with cervical neck injury 
following trauma, a markedly (so as to prevent measurement 
by the device) impaired skin integrity at the scalp, cephalic 
hematoma, expanding so as to cover any of the frontal, parietal, 
occipital and temporal regions, patients with marked soft tissue 
infection in the scalp, pregnant women and those who did not 
give informed consent were excluded from the study. 
Patients’ demographics such as age and gender, GCS, 
time between the incident and the evaluation with CT and 
infrascanner in the emergency department, diagnosis reported 
by CT and Infrascanner and outcomes were recorded. Regions 
on the intracranial CT were termed with similar terms to 
the regions examined with the infrascanner device as the 
left frontal, right frontal, left temporal, right temporal, left 
parietal, right parietal, left occipital and right occipital. In 
addition, hematomas were divided into groups as subarachnoid, 
intraparenchymal, epidural and subdural.
Statistical Analysis
Statistical analysis of this study was performed using SPSS 
version 16.0 (SPSS, Statistical Package for Social Sciences, IBM 
Inc., Armonk, NY, USA). The normality of the data was tested 
using the Kolmogorov-Smirnov test. Continuous variables were 
expressed as mean ± standard deviation, minimum, maximum 
values, while categorical variables were expressed as  numbers 
and percentage. An independent t-test was used in comparison 
of the continuous variables, while Chi-square test was used to 
compare the categorical variables. The sensitivity, specificity, 
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positive predictive value and negative predictive value of 
the Infrascanner device were obtained. p<0.05 values were 
considered statistically significant.

Results
A total of 173 patients were included in this study, of which 
73 had ICH and 100 were control subjects. Of all patients, 103 
(5.5%) were male and 70 (40.5%) were female. Among patients 
with ICH, 47 (64.38%) were male and 26 (35.62%) were female, 
while among patients in the control group 56 (56%) were 
female and 44 (44%) were female.
The mean age of the patients was 46.39±26.24 (4-91) years. 
The mean age was 53.49±25.62 (5-91) in the female and 
41.56±25.66 (4-91) years in the male patients. The mean GCS 
score was found as 11.44±4.03 in the ICH and 14.16±1.07 in 
the control group with a significant difference between both 
groups (p<0.01). Demographic and clinical features of the 
groups are given in Table 1.
In the ICH group, intracerebral hemorrhage was found in 24 
(32.88%), subarachnoid bleeding in 17 (23.29%) patients, 
epidural hemorrhage in 15 (20.55%) patients and subdural 
hemorrhage in 17 (23.29%) patients. Twelve patients (16.44%) 
had more than one subtype of ICH. 
Regions of hemorrhage detected by infrascanner are shown in 
Figure 3.

Comparison of the findings obtained with CT scan and 
Infrascanner Model 1000 device is given in Table 2.
When CT scan findings were taken as reference values, 
Infrascanner Model 1000 device had a sensitivity of 84.9%, 
specificity of 30%, positive predictive value of 46.9% and 
negative predictive value of 73.1% in detecting ICH. Sensitivity, 
specificity, positive predictive value and negative predictive 
value of the Infrascanner device for different measurement 
regions of the scalp are given in Table 3.

Table 3. Sensitivity, specificity, positive predictive value 
and negative predictive value of the Infrascanner device for 
different regions of the scalp

 FRONTAL TEMPORAL PARIETAL OCCIPITAL

SENSITIVITY 39.00% 63.40% 42.10% 40.00%

SPECIFICITY 62.00% 51.20% 76.20% 65.10%

PPV 17.00% 29.00% 33.30% 9.80%

NPV 83.30% 81.70% 82.40% 91.90%

PPV: positive predictive value; NPV: negative predictive value

Figure 1. Head regions measured using the Infrascanner device

Table 1. Demographic and clinical characteristics of the 
patients

Table 2. Findings of CT scans and infrascanner device

Figure 3. Regions of hemorrhage detected by Infrascanner 
Model 1000 device

Figure 2. The Infrascanner Model 1000 is a handheld device 
that uses near infra-red light to detect intracranial hemorrhage 

HEMORRHAGE CT CT
TOTAL

YES NO

INFRASCANNER YES 62 70 132

INFRASCANNER NO 11 30 41

TOTAL 73 100 173

ICH Control
p t

mean±SD mean±SD

Age 46.01±26.55 46.66±26.14 >0.05 -0.160

GCS 11.44±4.03 14.16±1.07 <0.05 -5.626

Systolic BP 131.92±35.15 135.18±24.51 >0.05 -0.719

Diastolic BP 73.75±17.61 72.81±12.46 >0.05 0.413

Pulse 90.67±18.99 84.73±11.60 0.02 2.369

Time to scanning (min) 44.23±30.15 43.13±33.03 >0.05 0.225
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Discussion
Studies have underlined the importance of early identification 
of causes of brain injury in an effort to prevent secondary brain 
injury and improve neurological outcomes. Early diagnosis 
and intervention are critical in ICH for success of treatment 
and  prevention of debilitating and sometimes fatal outcomes. 
By recognizing hemorrhage at the initial presentation, many 
treatment options are available for the patients, from medical 
to surgical treatments. Approximately half of the mortality from 
ICH occurs within the first 24 hours, highlighting the critical 
importance of early and effective treatment in the Emergency 
Department [8].
NIR infrascan technology offers numerous advantages to 
the bedside clinician. It is a portable painless tool, which can 
be easily applied to the skull in minutes [14]. This device can 
perform readings in all eight scalp locations (right and left 
frontal, temporal, parietal and occipital regions) in 3-5 minutes 
under ideal conditions [10]. In our study, sensitivity, specificity, 
NPV and PPV values were found for all measurement locations 
of the skull.  
In our study, the mean age of the patients with ICH was 
46.39±26.24 years. In a study by Vermeulen et al. with patients 
having subarachnoid hemorrhage (SAH), the mean age was 
reported as 58.1 years. In a study by Xu et al. the mean age was 
found as 48.3 years in 85 patients [15]. In a study by Cander 
et al., the mean age was reported as 51.8 years [6]. In another 
study from China by Liang et al., the mean age of the patients 
was reported as 41 years [11]. In this context, our finding was 
in the normal age range.
In the present study, we tested a near-infrared portable bedside 
tool, Infrascanner Model 1000 for detecting four subtypes of 
ICH including intracerebral hemorrhage, epidural, subdural 
hematomas and subarachnoid hemorrhage. According to our 
results, the NIR intrascanner device detected ICH with a 30% 
specificity, 84.9% sensitivity, a positive predictive value of 
46.9% and negative predictive value of 73.1%. 
So far, the near-infrared intrascanner device has been tested 
in numerous studies worldwide with conflicting results. Liang 
et al. from China used the portable NIR detector in 305 Chinese 
patients who underwent CT scan within 12 hours of a blunt or 
penetrating head injury with a GCS score ≤15 [11]. Cander et al 
found the mean GCS score as 10.6 [16]. In our study, the mean 
GCS score was 11.44, similar to that study. It was reported in 
the study of Liang et al. that NIR infrascanner demonstrated 
excellent sensitivity (100%) and specificity (93.6%) in detecting 
traumatic intracranial hematomas. However, patients in our 
study were not only the ones with traumatic brain injury but 
also those with neurologic deficit suggesting ICH [11].  
Xu et al. used NIR infrascanner to scan intracranial hematomas 
in 85 patients. As a result, specificity of the device was found 
as 92.5%, sensitivity as 95.6%, NPV as 94,9% and PPV as 
93.5% in detecting ICH [15]. Peters et al. used NIR infrascanner 
in 25 patients with traumatic brain injury and compared the 
results with those from CT scans. NIR infrascanner predicted 
intracranial hematoma with a sensitivity of 93.3% and a 
specificity of 78.6% [17]. Our study included both patients with 
head trauma and those with neurologic deficits suggestive of 

ICH, suggesting that the number of patients may affect the 
results.
Semenova et al. used the new infrascanner device in the 
diagnosis of intracranial lesions in children with traumatic 
brain injuries. The authors concluded that the infrascanner 
device can be used for detecting intracranial hemorrhages in 
ambulances and outpatient trauma centers in order to decide 
hospitalization, CT scans and referral to neurosurgery. They 
claimed that combined with the other risk factors, infra-
scanning may reduce the need for unnecessary CT scans [18]. 
While the mentioned studies investigated the utility of the 
intrascanner device in all participants, we used it in all patients 
who had already undergone a CT scan.  
In their pilot study, Salonia et al. applied the infrascanner 
device on 28 children aged between 0-14 years. The children 
were divided into two groups with abnormal and normal CT 
findings. As a result of the study, the authors reported that this 
new system can be beneficial in the evaluation of a child with 
possible ICH [19]. 
Robertson et al. [20] evaluated the utility of infrascanner device 
in 335 patients and found the specificity as 86.5%, sensitivity 
as 68.70%, NPV as 84.6% and PPV as 72.5% in the scanned 
patients. This study confirmed the findings of other studies 
that NIR technology can be used to screen for the presence 
of ICH for a simple examination of the difference involved in 
the hemorrhage and the uninvolved site of the opposite site of 
the scalp. Differences between the studies seem to be resulted 
from sample size and type of ICH examined. 
Study Limitations
This study has some limitations. It was conducted in a single 
center with a relatively small number of patients for such a 
study. Second, sensitivity, specificity, NPV and PPV values could 
not be examined for all four subtypes of ICH. However, given 
the conflicting results between the studies, we believe that our 
findings will contribute to what is known on this topic.
Conclusion
The results of this study indicate that the infrascanner model 
1000 device significantly records specificity and sensitivity 
values when used immediately after the incident. However, the 
low specificity value that we found shows that although the 
device provided beneficial information about the patients that 
should undergo imaging investigations, further studies should 
be conducted in order to introduce the infrascanner device for 
scanning or triage purposes in the emergency department. 
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